The present study reports the refinement and confirmatory factor analysis of a performance assessment instrument designed for tennis, first reported in Rees, Ingledew, and Hardy (1999) .
unpublished Tactical-Technical Evaluation Sheet assesses aspects of tactics and technique. Mahoney, Gabriel, and Perkins (1987) assessed the psychological skills underlying exceptional athletic performance. All these examples provide more information regarding the range of factors that might underlie tennis performance, compared to outcome measures. In the present study, a refined version of a post-match measurement tool, first reported in Rees, Ingledew, and Hardy (1999) , was used to examine the factors of tennis performance. Its structural validity was assessed using confirmatory factor analysis.
The issue of performance assessment was addressed by Rees et al. (1999) A sub-set of the players in the Rees et al. (1999) study had also completed the Interpersonal Support Evaluation List (Cohen, Mermelstein, Kamarck, & Hoberman, 1985) , a multidimensional self-report measure of perceived functional social support, before their matches. Results demonstrated differential effects of the support dimensions on the performance factors. However, logistic regression analyses revealed no significant effects of the social support dimensions upon a winning versus losing outcome measure. Rees and associates, therefore, concluded that their exploratory research had identified effects of social support upon performance that were only apparent when attention was paid to the factors that might underlie performance.
Present Study
The purpose of the present study was to refine Rees et al.'s (1999) tennis performance assessment instrument, and to test its structural validity using confirmatory factor analysis and a new sample. Similarly to the Rees et al. study, it was also considered appropriate to examine whether players who won and players who lost differed on the confirmed factors.
Method Scale Refinement
Initial scale refinement was based on the final principal components analysis reported by Rees et al. (1999) . An item was selected for the present study if, in the Rees et al. study, it was a clear and unambiguous indicator of a factor. The following criteria were used: it had to have an absolute loading of at least .40 on one factor, and have absolute loadings at least .15 less on all other factors. In addition, as the factor Double Faults had only one item, it was removed, as such single-item factors are not generally considered good factors. This left Loss of Composure with five items, Execution of (Flexible) Plan and Flow with four items, Feeling Flat and Effective Tactics with three items, and Positive Tension and Worry with two items. Further new items were then theoretically derived and hypothesized to load on specific factors, so that each scale contained five items.
The revised instrument (see Appendix) was a 35-item checklist, reflecting the various criteria by which performance might be appraised. The instrument asked: "During this match, to what extent did you ...". Response options ranged on a 4-point scale from 0 to 3: from not at all; through a little; and somewhat; to a lot. The instrument was given to participants immediately following their matches.
Participants
Participants were 155 full-time tennis players (147 males, 8 females; mean age 22.03, SD 7.94 years). The players (mostly British) ranged from players in the world top 200 to players with Lawn Tennis Association ratings not less than 3.1 (regional standard). They were recruited at various Lawn Tennis Association tournaments. They completed and returned the instrument on site.
The reason for choosing such high-level performers was that at this level a minor change in performance processes can be the difference between winning and losing. In this study, all players were considered "high-level" performers. Indeed, at the tournaments where the data were collected, players with rankings that were labeled as "regional" (i.e., 3.1) sometimes beat players with world rankings. Therefore, the difference in skill level was sometimes minimal. With lower standard performers, for whom skill level differs so much, the various processes tapped by this study's measurement instrument may make little difference to an overall result compared to skill level and may indeed not be of particular salience. Of the 155 sets of data, two were lost, due to listwise deletion for missing values.
Confirmatory Factor Analysis
The factorial validity of the performance instrument was tested by analyses of covariance structures, using LISREL 8 (Jöreskog & Sörbom, 1993) . As the instrument was refined somewhat, it would be plausible and reasonable to re-use exploratory factor analysis (EFA) on this measure. However, following initial EFA in Rees et al. (1999) , the process of refinement involved theoretically deriving new items in terms of content and the pattern of item-factor loadings. To test these hypotheses, the most effective method is to use confirmatory factor analysis (CFA) (Schutz & Gessaroli, 1993) , as with EFA one cannot specify specific items to load on specific factors. Jöreskog and Sörbom (1993) argued that a hypothesis that has been largely derived through exploratory procedures should be confirmed using more rigorous procedures. They also argued that most studies are to an extent both exploratory and confirmatory, and CFA procedures can be used as a model generating tool, as opposed to being simply a strict confirmatory procedure (Jöreskog, 1993; Jöreskog & Sörbom, 1993 ).
The sequential model testing approach recommended by Jöreskog (1993) was adopted.
Maximum likelihood estimation was employed.
The overall goodness of fit of the models was tested using the chi-square likelihood ratio statistic (! 2 ), Root Mean Square Error of Approximation (RMSEA), Standardized Root Mean Square Residual (SRMR), Goodness of Fit Index (GFI), and Comparative Fit Index (CFI) (see Jaccard & Wan, 1996; Jöreskog & Sörbom, 1993) . The criteria for evaluation of fit proposed by Jaccard and Wan (1996) were that the CFI and GFI should exceed 0. Browne and Cudeck, 1993) .
Single-factor models. This first stage involved testing seven separate single-factor models corresponding to the seven performance scales. The purpose of this stage was to assess the convergent validity of the five items making up each scale. As well as examining the overall goodness of fit of the models, we examined the standardized residuals, the completely standardized factor loadings, and the modification indices for the covariances of the measurement errors. For example, a large positive standardized residual between two items would suggest that these items share more in common than the model allows; a large negative standardized residual between two items would suggest that these items share less in common than the model suggests.
Similar diagnostic information is provided by the modification indices for the covariances between measurement errors.
Two-factor models. In the second stage of the analysis, each of the seven performance factors was paired with every other performance factor in two-factor models (a total of 21 pairings). Factors were allowed to correlate. The first purpose of this stage was to identify any ambiguous items. Therefore, as well as the overall goodness of fit of the models, the completely standardized factor loadings, the standardized residuals, and the modification indices for the covariances between measurement errors, we also examined the modification indices for the factor loadings. Large modification indices suggest that improvements in fit can be expected if items are allowed to cross-load on another factor. The second purpose was to investigate the discriminant validity of the factors. This was achieved by examining the 95% confidence interval (± 1.96 standard errors) around each correlation between factors. A confidence interval including 1.0 would suggest that the factors could be perfectly correlated and therefore lack discriminant validity (Anderson & Gerbing, 1988) .
Based upon the diagnostic information from the single-factor and the two-factor stages, one item was deleted from each scale, and the single-factor and two-factor stages repeated with four items per scale. As a result of the process of item deletion, Positive Tension lost the item, "Feel nervous," and was renamed Determination.
Full model. Finally, all seven performance factors, each represented by four items, were included in a full model. This model was assessed as in the second stage.
Multivariate analysis of variance was used to test whether players who won and players who lost differed on the confirmed factors.
Results

Single-Factor Models
Factor loadings and fit statistics for the final four-item single-factor models are shown in Table 1 . New items are marked. Factor loadings were generally high, with the exception of two which were moderately low. These were "Adapt to changing circumstances" [loaded .32 on Execution of (Flexible) Plan] and "Become aggressive" (loaded .28 on Loss of Composure). Fits for the four-item models were excellent. The weakest was Flow. Whilst the RMSEA value for
Flow was fairly high (< 0.10), the associated p-value (for RMSEA < 0.05) was nonsignificant.
Apart from this, all other criteria for good fit were met for Flow. Fit statistics for the original five-item models are also shown.
Two-Factor Models
Fit statistics and correlations between factors for the final two-factor models are shown in Table 2 . Fits were generally fairly good. The two weakest models involved the Feeling Flat factor In all four of these cases, eight-item single-factor scales were tested, but provided poor fit. As a consequence of this and the fact that the items for these scales did appear to be measuring qualitatively different constructs, it was felt justifiable to maintain the distinction between these constructs.
Full Seven-Factor Model
Fit statistics for the full seven-factor model are also shown in Table 2 . The ratio of ! 2 to degrees of freedom was less than two, and the RMSEA was low enough and the CFI was high enough to feel reasonably confident about the fit of the model to the data. However, the GFI was fairly low (0.83) and SRMR marginally too high (0.07), leading to some caution in accepting the model. Completely standardized factor loadings and factor-factor correlations for the full sevenfactor model are shown in Table 3 .
Winners versus Losers
Multivariate analysis of variance was conducted to see whether those who won and those who lost differed on the new scales. Results (see Table 4 ) showed that winners and losers did differ on the scales, Hotelling's T 2 = .45, F(7, 118) = 7.68, p < .001. Follow-up discriminant function analysis revealed that all scales were salient in this regard (i.e., standardized structure coefficients greater than 0.30 in absolute value, which Pedhazur, 1982, regards as meaningful).
However, Effective Tactics, Flow, and Loss of Composure were more salient than the others. On all scales, winners had more favorable scores than losers (i.e., scored higher for scales with positive connotations, scored lower for scales with negative connotations).
Discussion
The first aim of this research was to refine the original performance assessment instrument of Rees et al. (1999) . This involved removal of low loading and ambiguous items, and the removal of one factor, Double Faults, which had only one item indicator. Twelve new items were then theoretically derived and hypothesized to load on specific factors, so that each scale contained five items. The revised instrument was a 35-item checklist, reflecting the various criteria by which performance might be assessed.
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The second aim of this research was to test the structural validity of this refined instrument using confirmatory factor analytic procedures. The factor structure was essentially confirmed, using the sequential model testing approach. At the same time, each scale was reduced from five to the best four items. Although the test of the full model did reveal a reasonable fit to the data, the SRMR was marginally too high and the GFI was fairly low. The low GFI was probably a result of the relatively small sample size, as, whilst the GFI calculation does not explicitly use N in its calculation, it has been shown to be adversely affected by small sample sizes (Marsh, Balla, & McDonald, 1988) . The relatively small sample size in this study is a natural function of a lack of tennis players of this caliber. If one were to use a lower standard, then one could more easily increase the numbers of participants. Despite this reservation, the present series of analyses demonstrate that much information about the factorial validity of an instrument can be gained using the sequential approach to model testing. Indeed, such attention to detail at the single-and two-factor stages may be more effective in helping to diagnose problems in structure than simply testing the full seven-factor structure, with its many degrees of freedom.
The discriminant validity of the measurement instrument was tested across winners and losers. As in Rees et al. (1999) , the performance scales did distinguish winners from losers. In the present study, all seven performance scales were salient in this regard, although Effective Tactics, Flow, and Loss of Composure were the most salient, with winners having overall more favorable scores than losers. In light of these findings, it is interesting to speculate on the problem of disentangling cause and effect. Did players win or lose as a result of executing certain performance processes well or poorly? Or, were the answers on the measurement instruments more a reflection of the players' frame of mind (positive or negative) following a win or a loss?
This is a problem for all retrospective measures, and further research is needed to confirm the current measure's predictive validity in this respect. One way to test such predictive validity might be to conduct process oriented goal setting, based upon individuals' scale scores, and examine the effect of this goal setting upon performance. Certainly, were this measure to be used in an applied setting, one might argue that one should not give the player the measurement instrument immediately following a match, but wait until the player has had time to come to terms with the win or loss. Vallerand's (1987) intuitive-reflective appraisal model would suggest that, given time, the player would be able to reflect on the win or loss in a less emotional way.
This may, of course, lead to problems of recall, although there is evidence that athletes can accurately recall anxiety feelings two days following a competition (Harger & Raglin, 1994) .
This research and the original study by Rees et al. (1999) further point to the need for performers to look at the various factors comprising overall performance -in a sense, the processes by which they come to achieve their successes. It is potentially problematic when a performer concentrates solely on the outcome of an event at the expense of the process by which he or she arrives at the outcome (Hardy, Jones, & Gould, 1996) . After the event, a focus on outcomes, such as winning versus losing, may mask the quality of the performance (Weinberg, 1990) , so that it is difficult to pinpoint areas which need improving. On the other hand, focusing on process-oriented goals has been found to lead to better concentration, increased self-efficacy, and more control over negative experiences (Kingston & Hardy, 1997) . Such influences as these are thought to lead to improvements in performance and ultimately to more successful outcomes.
In actuality, to reach a high level in sport, performers probably need to have a strong desire to beat the opposition and so do set outcome goals (Hardy, 1997; Hardy et al., 1996) . However, process goals may help to keep the performer focused on the task at hand and in the here and now (see, for example, Hardy et al., 1996) .
In light of the numerous calls for improved performance measurement in the sport psychology literature and encouraging use of multi-component performance assessment (see Performance Assessment in Sport 14 Introduction), future research should continue to adopt a more process-oriented and differentiated approach to performance assessment. Despite some reservations in terms of the fit of the full model, the performance measure highlighted in this study should be seen as a refinement of the measure in Rees et al. (1999) . It addresses one of the concerns regarding outcome performance measurement, namely differentiation of performance factors/processes. Future research might examine the sensitivity of the measure; for example, to the use of different process oriented goals. Once validated, multidimensional performance assessment instruments such as the present one should aid in pinpointing areas of strength and weakness, and may better explain the effects of predictor variables, such as stress and social support. Note. N = 153 Note. N = 126. Hotelling's T 2 = .46, F(7, 118) = 7.68, p < .001
